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1. Abstract
It is now known that lifestyle-related diseases are caused by 
senescence. The International Classification of Diseases, 11th 
Edition (ICD-11) has coded the item "related to aging," and aging 
has come to be considered a disease. Therefore, mitochondrial 
activity is currently attracting attention as a way to prevent aging. 
Our research team screened various substances and found that 
nicotinamide mononucleotide (NMN) is effective in mitochondrial 
activity. However, there are many NMN products on the market, 
and issues remain regarding their content and unconfirmed 
effectiveness. Therefore, in this exploratory clinical study, 
liposomal NMN, non-liposomal NMN for 4 weeks, 350 mg/day of 
NMN, and a placebo were administered in a double-blind manner, 
and the levels of nicotinamide adenine dinucleotide (NAD+) 
were measured. As a result, the expression level of NAD+ was 
significantly higher in liposomal NMN, and we will report on its 
effects and underlying mechanism.

2. Introduction
It is known that many lifestyle-related diseases such as cancer, 
dementia, myocardial infarction, and stroke are caused by aging 
[1]. In 2022, the WHO's disease classification system, ICD-11, 
added the code "aging-related" [2]. While chronological aging is 
irreversible, senescence is reversible. It has become a target for 

medical intervention and treatment aimed at promoting healthy 
longevity and preventing other diseases. Mitochondrial activity is 
attracting attention in this regard [3]. It is believed that senescence 
can be prevented by increasing mitochondrial activity [4]. 
However, there is currently no established method for measuring 
mitochondrial activity itself. Mitochondria are a type of organelle 
that produces adenosine triphosphate (ATP) as an energy source. 
ATP is a substance necessary for activity in the body to produce 
energy by hydrolyzing itself, so if it can be produced efficiently, 
it may be useful for preventing lifestyle-related diseases and 
senescence [5]. Measurement of NAD+ is currently attracting 
attention as a biomarker of increased mitochondrial activity itself 
[6]. It is believed that measuring NAD+ level can quantitatively 
measure the degree of aging, which is also correlated with disease 
risk [7].NAD+ is an essential substance for energy production, 
necessary to maintain vital activities. It is also known to promote 
the expression of genes that prevent aging, such as the sirtuin gene, 
often referred to as the 'longevity gene' [8]. Furthermore, it has 
been reported that NAD+ is related to many characteristics of aging 
[9]. Blood NAD+ concentration decreases with age, which leads to 
a decline in organ and tissue function, as well as an increased risk 
of aging-related diseases [11,12]. For this reason, blood NAD+ 
concentration is thought to be useful as a biomarker for diagnosing 
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the degree of aging and mitochondrial function.NAD+ is an 
electron carrier used in eukaryotes [12]. It has a function such as 
a coenzyme for various dehydrogenases and exists in two forms: 
oxidized (NAD+) and reduced (NADH) [13]. NAD+ is a substance 
consisting of nicotinamide mononucleotide and adenosine, with 
the 5' end of each nucleotide bound by a phosphate bond [14]. 
NAD mediates not only fermentation but also various redox 
reactions by transferring electrons between its oxidized form, 
NAD+, and its reduced form, NADH. In particular, NAD plays a 
very important role as a coenzyme in energy metabolism pathways 
such as the citric acid cycle and respiratory chain in mitochondria 
[15].It is said that there are three pathways for synthesizing NAD, 
the precursor of NAD+, and NAD+ is ultimately produced by 
amidation with NAD synthetase [16]. NAD is synthesized via the 
following pathways:

① The kynurenine pathway synthesized from tryptophan [17]

② The salvage pathway by nicotinamide (NAM) [18]

③ The Preiss-Handler pathway by nicotinic acid [19]

By synthesizing NAD in those ways in a multifaceted way, the 
amount of NAD+ also increases, which may ultimately promote 
mitochondrial activity. Therefore, it is necessary to increase the 
blood NAD+ concentration. NAD+ is an intermediate metabolic 
product from NMN in the salvage pathway [20], and NMN 
is produced in the body from nicotinamide (NAM) by NAM 
phosphoribosyl transferase (NAMPT) [21]. Nicotinamide is 
converted to NMN by NAMPT, and NAD+ is further synthesized 
from NMN and ATP by MANPT [22]. Therefore, it can be said that 
NMN is a substance that can increase NAD+, thereby promoting 
mitochondrial activity and preventing senescence [23,24].It is 
known that NMN supplementation is an effective treatment for 

increasing blood NAD+ concentration and preventing senescence. 
Although it has been shown that exogenously taken NMN is 
directly absorbed in the mouse ileum via Slc12a8, this has not 
yet been found in the human digestive tract [25]. Instead, the 
more widely accepted mechanism in human is that extracellular 
NMN must be converted to nicotiamide riboside (NR) by 
dephosphorylation with ectonucleotidase (CD73) prior cellular 
uptake [26-8], and extracellular NR is taken up into cells via the NR 
transporters ENT1, ENT2, and ENT4 (Figure 1) [29].In this study, 
we used a method to entrap NMN into a liposome, which allows 
it to pass directly through the cell membrane and directly enter 
the cell. In recent years, many liposomized substances have been 
seen. A liposome is a spherical vesicle consisting of one or more 
concentric phospholipid bilayers surrounding an aqueous core 
[30]. Liposomes are a system that reliably delivers nutrients and 
medicines into cells because they are not toxic to the body and are 
degraded in the body [31]. By stabilizing liposomized substances, 
this technology enhances the effects of nutrients and medicines. 
It also improves the instability of uptake by cells and tissues, and 
are attracting attention as a technology that ensures distribution to 
target sites in the body [32].This technology was applied to the test 
substance, and NMN was entrapped into a liposome. As shown in 
Fig. 1, the process of NMN migrating via NR to produce NAD+ 
for NMN alone is omitted, and by NMN reaching the cells directly, 
energy use is minimized and no enzymes are used, which increases 
the concentration of NMN within the cells, and it is thought that 
more NAD+ is produced.In this study, a double-blind test was 
conducted on healthy subjects with sufficient informed consent, 
using three types of NMN: non-liposomal NMN, liposomal 
NMN and dextrin as a placebo, to measure the amount of NAD+ 
produced.

Figure 1: Scheme of NMN and NR uptake into epithelial cells through the cell membrane and the process of NAD+ production.
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3. Materials and Methods
3.1. Type of Research

3.1.1 Double-Blind Test

The experimenter selected subjects under certain conditions, 
randomly packed the test supplements in a plain cardboard 
box, and provided it directly to the subjects. A document with a 
description of the product and how to take it was enclosed in the 
cardboard box, and each subject took the test supplement. After 
that, blood samples were taken, and MiRTeL Co.LTD (Hiroshima, 
Japan) was asked to measure NAD+.

3.2. The Conditions Were Set as Follows

[Eligibility criteria]

- Males aged 40 years or older at the time of consent

- Those who fully understand the study plan and are able to give 
consent

[Exclusion criteria]

- Those with obvious underlying diseases

- Smokers

- Those who drink 20g or more of alcohol per day

- Those with a history of allergies to the study materials

- Those who take NMN, or those who have taken it within the last 
14 days

- Those who regularly use health foods that the clinical research 
director judges may affect the increase in NAD, or those who have 
taken it within the last 14 days

- Those who cannot maintain their daily lifestyle habits

- Those who are currently participating in other clinical trials, or 
have participated in other clinical trials within the past 3 months 
from the date of consent

- Those who plan to participate in other trials during the study 
period

- Those who are otherwise deemed inappropriate by the clinical 
research physician

[Discontinuation criteria]

- If an allergy occurs to the study materials

- If consent is withdrawn

-Others who the clinical research director judged to be appropriate 
for discontinuation due to health hazards or ethical reasons

Number of subjects: 15 cases (5 in each group)

*Rationale for setting: Set as the number of cases possible for 
statistically analyzable verification research.

3.3. Intervention Method

Fifteen subjects who obtained sufficient informed consent were 
divided into three groups: 5 in the control group (Group A), 5 in the 
non-liposomal NMN intake group (Group C), and 5 in the liposomal 
NMN intake group (Group B). All 15 subjects were instructed to 
take the test supplement after breakfast for 4 weeks according to 
the instructions, and blood cell NAD+ tests were performed a total 
of 4 times: immediately before the start of intake, 1 hour after 
intake, after the end of the 4-week intake (28 days ± 3 days after 
intake)  and 4 weeks after the end of intake (intake rest period). 
On the day of the test, no meals were consumed before the test. 
The test supplement for the placebo group was 100% maltodextrin 
(4g/day intake). The test supplement for the non-liposomal NMN 
intake group was a product from another company containing 350 
mg of NMN, and the product packaging was covered with a plain 
label to prevent subjects from identifying what was consumed. 
The test supplement for the liposomal NMN intake group was 
also similarly covered with a plain label and used liposomal NMN 
containing 350 mg of NMN. In addition, liposomal NMN (SINTO 
liposomal NMN®) was provided free of charge by Premier Anti-
Aging Co., Ltd. After the intake was completed and the change in 
NAD+ was examined. Since this study was a double-blind test, the 
contents of the test substance in each group were identified after 
the study was completed. The procedure for the double-blind test 
is shown in Figure 2.

Table 1: Changes in NAD+ level in the placebo group, liposomal NMN group and non-liposomal NMN group. Values are presented as mean ± standard 
deviation.
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Figure 2: Changes in NAD+ over time for each subject in the placebo group. Values are presented as mean ± standard deviation (μM).

3.4. Statistical Processing

All results of this study were statistically processed using IBM 
SPSS Statistics (Ver.25) to test for significant differences. The 
n number was 5 for each group, and the degree of freedom was 
2 because the number of subjects in each group was small. In 
addition, because normal distribution was assumed, Mauchly's 
test of sphericity was performed, followed by repeated measures 
analysis of variance, Bonferroni correction, and then paired t-test. 
In addition, a test for homogeneity of variance was performed for 
the tests between groups (placebo, non-liposomal NMN, liposomal 
NMN), followed by one-way analysis of variance and Tukey test 
to test for significance between groups. The significance level was 
determined at P<0.05.

3.5. Approach to Bias

The reason for including this study was that Japanese men in their 
40s and above are at a higher risk of lifestyle-related diseases. On 
the other hand, Smokers and regular drinkers may have decreased 
mitochondrial activity from the beginning, and younger people are 
not significantly different in mitochondrial activity, so they were 
excluded.

3.6. Ethical Considerations

Ethics approval for this study was obtained through the Ethics 
Committee of the International Society for clinical medicine 
longevity. (ISGN_NI10012024).

5. Results
5.1. Changes Over Time in The Placebo Group

Table 1 shows the changes in NAD+ levels over time in the placebo 
group, liposomal NMN group and non-liposomal NMN group.The 
following results were obtained when NAD+ was measured for 
placebo group.  No significant differences were observed between 
the groups before intake, one hour after intake, and four weeks 
after intake, but NAD+ was significantly elevated four weeks after 
the end of intake (p = 0.025), though the underlying reason remains 
unclear. The changes over time are shown in a graph in Figure 2.

5.2. Changes over Time in Liposomal NMN

The following results were obtained when liposomal NMN was 
ingested (Figure 3). No significant difference was observed before 
and one hour after ingestion, but a tendency for NAD+ to increase 
was observed. A significant difference for NAD+ to increase was 
also observed before and four weeks after ingestion (p = 0.007). 
At the same time, a significant difference for NAD+ to increase 
was observed one hour after and four weeks after ingestion (p = 
0.035). A significant decrease in NAD+ was observed four weeks 
after ingestion and four weeks after stopping ingestion (i.e., eight 
weeks after the start of the study) (p = 0.043), but it can be seen 
that NAD+ increased significantly before and eight weeks after 
ingestion (p = 0.043). This suggests that NAD+ may be produced 
in large amounts for four weeks even after ingestion is stopped.
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Figure 3: Changes in NAD+ over time for each subject in the liposomal NMN group.

5.3. Changes Over Time with Non-Liposomal NMN

The following results were obtained when non-liposomal NMN 
was taken (Figure 4). No change was observed in NAD+ before 
and one hour after ingestion. NAD+ increased significantly one 
hour after ingestion and four weeks after ingestion (p=0.024). 
A significant decrease in NAD+ was observed four weeks after 
ingestion and four weeks after cessation of ingestion (i.e., eight 
weeks after the start of the study) (p=0.042). This suggests that the 
amount of NAD+ produced increases when non-liposomal NMN 
is taken, but it is possible that NAD+ production may decrease 
again if ingestion is discontinued, suggesting that non-liposomal 
NMN may need to be taken continuously. 

5.4. Comparison in NAD+ Between Groups after 4 Weeks of 
Intake

A repeated measures analysis of variance was used to examine the 
changes in NAD+ after 4 weeks of intake in the placebo, liposomal 
NMN and non-liposomal NMN groups, followed by a Tukey test. 
A significant difference was confirmed between the placebo group 

and the liposomal NMN group (P<0.05, p=0.000). A significant 
difference was also confirmed between the liposomal NMN group 
and the non-liposomal NMN group (P<0.05, p=0.001). However, 
a significant difference was not confirmed between the placebo 
group and the non-liposomal NMN group (P>0.05, p=0.545). This 
shows that liposomal NMN promotes the production of NAD+ 
significantly more than both groups (Figure 5).

5.5. Changes in NAD+ Between Groups 4 Weeks after Cessation 
of Intake

After stopping the intake of each test substance, participants were 
asked to live a normal life for 4 weeks, and then the amount of 
NAD+ in each group was measured. When a Kruskal-Wallis test 
was performed for each group, P>0.05, no significant difference 
was observed (p=0.696). However, between placebo and non-
liposomal NMN, the non-liposomal NMN group tended to have a 
lower level. Similarly, between placebo and liposomal NMN, the 
liposomal NMN group tended to have a higher level (Figure 6).
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Figure 4: Changes in NAD+ over time for each subject in the non-liposomal NMN group.

Figure 5: Comparison in NAD+ between groups after 4 weeks of intake.
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Figure 6: Comparison in NAD+ between groups 4 weeks after cessation of intake.

6. Discussion
In this study, participants were given either a placebo, liposomal 
NMN, or non-liposomal NMN in a double-blind test, and the 
amount of NAD+ was measured. It was found that the liposomal 
NMN group produced significantly more NAD+ in the fourth 
week of intake. It is said that NAD+ decreases with age [33]. 
We believe that the results of this study are very meaningful 
implication as this study showed significant increase of NAD+ 
significantly increased NAD+ using liposomal NMN. As NAD+ 
is said to be closely related to mitochondrial activity [34], these 
results suggest the possibility that liposomal NMN may promote 
mitochondrial activity. As mitochondrial activity is thought to lead 
to anti-aging [35], it is believed that there is a good possibility 
that it could be used to approach the prevention of aging-related 
diseases coded in ICD-11.In the results of this study, liposomal 
NMN significantly increased NAD+ compared to non-liposomal 
NMN. Before non-liposomal NMN is absorbed by cells, it must 
be converted to NR by dephosphorylation with ectonucleotidase 
(CD73) [26]. During this process, it is known that extracellular 
NR is taken up into cells via the NR transporters ENT1, ENT2, 
and ENT4 (Figure 7)[29]. non-liposomal NMN requires the use 
of energy due to its one-step process, and at the same time, it is 
thought that the amount of NMN in the cells may decrease. On 
the other hand, liposomal NMN is directly absorbed into the cells 
in its original form through the cell membrane (Figure 8). This 

allows for efficient NAD+ production within the cells, without the 
need for energy consumption or a reduction in NMN levels [36]. 
Therefore, when comparing non-liposomal NMN with liposomal 
NMN, it is thought that liposomal NMN produces a significantly 
higher amount of NAD+.Until now, senescence has been regarded 
as synonymous with aging and has been considered irreversible, 
but the significance of this research is very great in terms of 
preventing diseases associated with aging. It is said that there is 
a causal relationship between aging and mitochondrial activity 
[37]. NAD was originally discovered as a coenzyme that mediates 
ethanol fermentation [38]. NAD mediates redox reactions by 
transferring electrons between the oxidized form NAD+ and the 
reduced form NADH. In particular, NAD plays an important role 
as a coenzyme in energy metabolic pathways such as the citric 
acid cycle and respiratory chain in mitochondria [39]. NAD+ is 
converted from NMN in our bodies using vitamin B3 as a material 
[40] , and also NAD+ also plays a role in supplying energy [41]. 
It has been found that the decrease in NAD with age causes the 
decline in organ and tissue function and the pathogenesis of aging-
related diseases [42]. In the body, mitochondria produces ATP 
using nutrients and oxygen, and NAD+ is an essential coenzyme 
for producing ATP, and it is said that a lack of NAD leads to cell 
death [43].As we age, NAD+ decreases, and oxygen utilization 
(NAD/NADH ratio) decreases, so the ability to produce the 
necessary ATP decreases with age [44]. In other words, increasing 
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NAD+ in the body can be considered to lead be anti-aging [45]. 
Everyone knows that improving your diet habit is necessary for 
anti-aging, but it is difficult to suddenly change your diet due to 
the accumulation of past experiences. It has been pointed out that 
a sudden change in diet can cause stress (Figure 9), which in turn 
causes the secretion of stress hormones such as adrenaline and 
cortisol, which can lead to stress-related diseases [46]. Controlling 
mental health is very important [47], and acommon problem 
caused by stress is sleep disorders [48]. A decrease in sleep quality 
can increase the risk of anxiety and depression, which can lead 
to a decrease in quality of life. . In this study, there is no direct 
causal relationship with stress. Science there are reports in various 
literature that sleep interventions have led to anti-aging [49], the 
fact that there was no sleep intervention in this study is considered 
to be of great significant clinically. In a literature search, there were 
no data that showthat anti-aging can be achieved by taking this 
test substance and changing lifestyle habits without stress. This 
study is the first to show that NAD+ can be increased by simply 
taking the substance, without forcibly changing lifestyle habits, 
such as intervening in exercise or restricting of diet, and could be 
useful for anti-aging. It is believed that further elucidation of the 
mechanism will contribute to the extension of not only average 
life expectancy but also healthy life expectancy. In addition, the 
lifestyle-related diseases that are currently a problem are generally 
phenomena that accompany senescence and are not simply the 

result of ageing. Preventing the aging phenomenon is considered 
to be a very important factor because lifestyle-related diseases 
account for about half of the causes of death. One of the causes 
of aging is "active oxygen." It is said that reactive oxygen species 
cause all kinds of lifestyle-related diseases, and therefore it is 
necessary to remove them. However, since reactive oxygen species 
also play a role in biological defense, there are both positive and 
negative aspects to their removal [50,51]. For example, neutrophils 
release reactive oxygen species to process antigens, and without 
the presence of reactive oxygen species, it would be difficult to 
remove the antigens [52]. However, it is known that excessive 
production of reactive oxygen species attacks normal cells and 
has a negative effect on the body [53]. There are four types of 
reactive oxygen species: superoxide, hydrogen peroxide, hydroxyl 
radical and singlet oxygen, and hydroxyl radical is said to be the 
most malignant [54]. In this situation, NMN, which also has an 
antioxidant effect [55], is thought to be able to remove a moderate 
amount of reactive oxygen species and maintain homeostasis in 
the body.

It is known that reactive oxygen species not only attack normal 
cells, but also act on mitochondria [56]. Therefore, it can be said 
that damaging mitochondria inevitably reduces the production 
of NAD+. Currently, mitochondrial activity is said to be deeply 
related to anti-aging [57].

Figure 7: The process of NAD+ production during intracellular delivery of non-liposomal NMN.
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Figure 8: NMN entry scheme by membrane fusion of liposomes into small intestinal mucosal cells.

Figure 9: Double-blind test procedure.

6.1. Mitochondrial Activation has The Following Effects:

① Energy production [58]

② Increased immune function [59]

③ Antioxidant effect [60]

④ Treatment of age-related diseases [61]

⑤ Suppression of aging-related inflammation [62]

These findings show that activating mitochondria is a very 
important factor in anti-aging. There are various substances that 
activate mitochondria, but this time we focused on NMN because 
it is said to have mitochondrial activity [63]. In addition, NMN is 
said to be deeply involved in maintaining and improving health 
by acting on the sirtuin gene, a longevity gene [64]. Furthermore, 
previous research has shown that NMN enhances AMP-activated 
protein kinase (AMPK) [65]. AMPK is an energy sensor in the body 
and a serine/threonine kinase that works to maintain homeostasis 
of sugar and lipid metabolism [66]. It is said that activation of 
AMPK regulates energy metabolism and maintains energy 
homeostasis, and it has been attracting attention as a potential 
therapeutic agent for metabolic diseases including type 2 diabetes 

and cancer [67]. Energy is essential for human life, and the source 
of energy is ATP, which is generated when ATP is hydrolyzed 
and converted to adenosine diphosphate (ADP) [68]. AMPK 
regulates this ATP level to maintain homeostasis and is expected 
to be effective against metabolic diseases such as cancer, type 2 
diabetes and obesity [69-71]. In other words, it is expected that 
increasing AMPK activity can prevent lifestyle-related diseases 
including cancer and so on.Taking NMN externally is considered 
to be very meaningful. Among the different forms, liposomal 
NMN, which was able to produce more NAD+ than non-liposomal 
NMN, can be considered particularly useful. Not only does it help 
in preventing lifestyle-related diseases, but it also for anti-aging. 
As human beings evolve, our lifestyles change, but it is thought 
that this test substance could improve the internal environment of 
the body, leading to anti-aging. By maintaining a stable internal 
environment and proper homeostasis, it could be possible for a 
person to regain their original, healthy, and optimal state.  From 
this perspective, the significance of this research is considered to 
be extremely great.
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7. Conclusions
In this study, participants were either a placebo, liposomal NMN 
or non-liposomal NMN in a double-blind test, and the amount of 
NAD+ was measured. It was found that the liposomal NMN group 
produced significantly more NAD+ at the fourth week of intake. 
However, when NMN intake was stopped, the amount of NAD+ 
production significantly decreased at the fourth week. Other 
studies have also reported that when healthy adults were given 
NMN for a certain period of time and then stopped, the amount 
of NAD+ production, which had been elevated, decreased [72]. 
From these findings, it is clear that continuous intake of NMN is 
important to increase NAD+ production in the body. However, 
it is not clear to what extent increasing NAD+ is beneficial for 
mitochondrial activity, removal of active oxygen, AMPK activity, 
etc., and whether it is beneficial for anti-aging effects and 
prevention of aging-related diseases. In addition, this study was a 
limited exploratory intervention study of 8 weeks for 15 subjects, 
and future research is needed on the effects of taking it for a longer 
period of time at large scale.
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